Ghrelin is an orexigenic peptide secreted mainly by the stomach in adult rats. Ghrelin concentrations increase with fasting and decrease after food intake. Ghrelin is also present in the placenta and in the fetal stomach, but the role of fetal ghrelin remains unclear. In this study, we compared changes in plasma ghrelin, insulin, and glucose concentrations and in ghrelin gene expression in stomach, pancreas, and placenta in response to fasting and feeding in adult nonpregnant rats and in 20-d pregnant dams and their fetuses. Plasma total ghrelin concentrations were three times higher in the fetus than in the dam but did not increase in response to fasting. In contrast to total ghrelin, plasma active ghrelin concentrations wee 50% lower in the fetus compared with the adult pregnant rat. Ghrelin mRNA and total ghrelin were markedly elevated in the fetal pancreas and six to seven times greater than in the fetal stomach but were not affected by fasting. In contrast, fetal pancreas and stomach active ghrelin concentrations increased two to three times after maternal fasting. Ghrelin receptor mRNA was present in all fetal pancreas samples. Placenta ghrelin gene expression was detectable but low. These data raise the possibility that in the fetus, in contrast to the adult, the pancreas and not the stomach is a major source of circulating immunoreactive ghrelin. Furthermore, the presence of a strong ghrelin gene expression and of ghrelin receptor mRNA in the fetal pancreas is intriguing and suggests that ghrelin may play an important role in ␤-cell mainly by the gastrointestinal tract (stomach, duodenum, and jejunum) (1-3). It is also present in the placenta (4), the hypothalamus (3), and the pancreas (5, 6). Ghrelin potently stimulates appetite and GH secretion in both humans (7-9) and rodents (10 -12). The orexigenic effect of ghrelin is independent of GH secretion (12). Cummings et al. (13) found that ghrelin concentrations increase with fasting before the three main meals of the day, decrease quickly after food intake, and reach a nadir 90 min after the meal (13, 14) , raising the possibility that ghrelin may play a role in meal initiation. A similar effect has been observed in rodents with fasting and refeeding (15).
G HRELIN IS A 28-AMINO-ACID peptide secreted
mainly by the gastrointestinal tract (stomach, duodenum, and jejunum) (1) (2) (3) . It is also present in the placenta (4), the hypothalamus (3), and the pancreas (5, 6) . Ghrelin potently stimulates appetite and GH secretion in both humans (7) (8) (9) and rodents (10 -12) . The orexigenic effect of ghrelin is independent of GH secretion (12) .
Cummings et al. (13) found that ghrelin concentrations increase with fasting before the three main meals of the day, decrease quickly after food intake, and reach a nadir 90 min after the meal (13, 14) , raising the possibility that ghrelin may play a role in meal initiation. A similar effect has been observed in rodents with fasting and refeeding (15) .
The relationship between ghrelin, insulin, and glucose remains unclear. There is a reciprocal change in plasma ghrelin and insulin concentrations in normal subjects after a meal (13, 16) . Most human and animal studies have shown that hyperglycemia (17, 18) and insulin (without hypoglycemia) (18 -21) decrease plasma ghrelin, although debate continues (22) . Animal studies have also shown that hyperglycemia (23) and insulin-induced hypoglycemia (15) markedly decrease and increase, respectively, ghrelin concentrations in rodents (reviewed in Ref. 24) .
In human neonates, we demonstrated the presence of large amounts of ghrelin in umbilical cord plasma samples (25, 26) . In rodents, ghrelin mRNA is present in the stomach by embryonic d 17 of gestation and increases markedly during the first postnatal weeks (27) (28) (29) . The increase in plasma ghrelin concentrations in response to fasting is present in rats by the end of the first postnatal week (27, 28) . Interestingly, in humans, ghrelin is abundant in the fetal pancreas (but not the adult pancreas) where ghrelin-secreting cells represent up to 10% of the endocrine cells (5) .
The role of ghrelin in the fetus remains unclear. In contrast to the adult in whom feeding and fasting periods alternate, the fetus receives nutrients on a continuous basis through the placenta, and changes in fetal insulin and glucose concentrations depend on variations in maternal food intake (30) . We were intrigued by the abundance of ghrelin in the fetal compared with the adult human pancreas and by the fact that, at least in the adult rat, ghrelin appears to affect insulin secretion by the pancreas. Both stimulatory (31) (32) (33) and inhibitory (34, 35) effects of ghrelin on insulin secretion have been reported. We hypothesized that ghrelin tissue distribution may differ in the adult rat and in the fetus and that maternal fasting and feeding may alter fetal circulating and tissue ghrelin. To this end, we compared changes in plasma ghrelin, insulin, and glucose concentrations and in ghrelin gene expression in stomach, pancreas, and placenta in response to fasting and feeding in nonpregnant rats and in pregnant dams and their fetuses. Our results show that in contrast to the adult rat, fetal total ghrelin concentrations do not increase in response to maternal fasting despite significant decreases in plasma glucose and insulin concentrations. In addition, we observed that tissue ghrelin gene expression was much higher in the fetal pancreas compared with the fetal stomach, a situation opposite to the one observed in pregnant and nonpregnant adult rats where ghrelin was barely detectable in the pancreas.
Materials and Methods Experiments
Sprague Dawley rats (9 wk old at the time of the experiment), obtained from Charles River Laboratories (St. Constant, Quebec, Canada) were used in all experiments. The animals were housed two to three per cage for 1 wk before the experiments. Water was provided ad libitum. Animals were killed by decapitation after isoflurane (5%) anesthesia. The experiments were approved by the University of British Columbia animal ethics committee.
Effect of feeding, fasting, and refeeding on plasma ghrelin and insulin concentrations
Twenty-one nonpregnant female and 21 time-pregnant (20 d of gestation) animals were used. Animals were fed ad libitum, fasted for 36 h, or refed for 6 h after a 36-h fast (n ϭ 7 per group). One plasma EDTA aliquot was collected from each adult rat. Fetal EDTA plasma was pooled from two to three dams (n ϭ 3 samples per group of seven dams). Total ghrelin and insulin immunoreactivity was determined on all plasma samples.
Effect of feeding and fasting on plasma ghrelin, insulin, and glucose concentrations and on tissue ghrelin and ghrelin receptor gene expression
Thirteen nonpregnant female and 13 time-pregnant (20 d of gestation) animals were used. Animals were fed ad libitum or fasted for 36 h (n ϭ 6 -7 per group). One microliter of fetal or adult truncal blood was used at the time of the experiment to determine plasma glucose concentrations. Plasma EDTA was collected from each adult rat and from all fetuses in one litter and pooled as one sample. Plasma concentrations of total ghrelin and insulin were determined in all samples (plasma EDTA without additives). In addition, plasma concentrations of active ghrelin were determined in all maternal and fetal samples [plasma EDTA with addition of 50 l of phenylmethylsulfonyl fluoride (10 mg/ml solution) and 50 l 1 n HCl per ml]. All samples were kept on ice until centrifugation and stored thereafter at Ϫ80 C until the assay was performed. Stomach (gastric fundus in adult rats and entire stomach in fetuses) and the entire pancreas were collected. The placentas from four fetuses (two from each uterine horn) in the same litter were pooled as one sample. All tissue samples were immediately frozen at Ϫ80 C for later determination of total and active ghrelin concentrations and of ghrelin and ghrelin receptor mRNA, as appropriate.
Hormone determinations
Ghrelin circulates in two forms: a biologically active (octanoylated) and inactive (des-octanoylated) form. In these experiments, plasma total (active ϩ inactive) ghrelin (RK-031-30 from Phoenix Pharmaceuticals, Belmont, CA, in the first experiment and GHRT-89HK from Linco Research, St. Charles, MO, in the second experiment), active ghrelin (GHRA-88HK, Linco), and insulin (RI-13K, Linco) immunoreactivities were determined by RIA. All determinations in one experiment were performed in duplicate in the same assay. Glucose was determined by the glucose oxidase method using OneTouch Ultra (LifeScan Canada, Burnaby, Canada).
Ghrelin and ghrelin receptor RT-PCR
Ghrelin and ghrelin receptor mRNAs were estimated by RT-PCR as described by Gualillo et al. (4) with slight modifications and the results normalized for ␤-actin. Total RNA was extracted using TRIzol reagent (Life Technologies, Grand Island, NY) according to the manufacturer's protocol. Two micrograms of total RNA were used for RT. cDNAs were synthesized using 200 U of Moloney murine leukemia reverse transcriptase (Life Technologies) and 6 l of dNTPs mix (10 We used the following primers: rat ghrelin, upstream primer 5Ј-TTGAGCCCAGAGCACCAGAAA-3Ј and downstream primer 5Ј-AGTTGCAGAGGAGGCAGAAGCT-3Ј (from GenBank AB029433) (4); rat ghrelin receptor, upstream primer 5Ј-AG-GCAACCTGCTCACTATGCTG-3Ј and downstream primer 5Ј-GACA-AGGATGACCAGCTTCACG-3Ј (from GenBank NM 032075) (36, 37) .
The amplification profile for ghrelin was denaturation at 94 C for 30 sec, annealing at 58 C (ghrelin) or 65 C (ghrelin receptor) for 30 sec, and extension at 72 C for 1 min. Amplification was completed with an additional step at 72 C for 10 min. The amplification was performed in an automatic thermal cycler (Techne Inc., Burlington, NJ). To normalize results for differences in RNA sampling, the second half of the RT reaction was used to amplify a 603 bp of the rat ␤-actin (upstream primer, 5Ј TACAACTCCTTGCAGCTCC; downstream primer, 5Ј ATCTTCAT-GAGGTAGTCAGTC) (from GenBank AC121985).
To ensure that PCR was performed in the linear amplification range, samples of each tissue were taken every two to three cycles over a wide range, showing that the reaction was linear between 27 and 33 cycles for ghrelin and between 34 and 42 cycles for ghrelin receptor (data shown for pancreas; Fig. 1 , A and B). PCRs were run at 31 (ghrelin) or 40 (ghrelin receptor) cycles. The number of cycles for ␤-actin was 28 or 30 when run with ghrelin or ghrelin receptor, respectively. All reactions presented in a given figure were performed in the same assay.
To confirm the specificity of the PCR product, the following steps were performed. Digestion of the ghrelin PCR product using Apal and of the ghrelin receptor PCR product using MsP1 liberated two DNA fragments with the expected size, suggesting that the amplified products were indeed ghrelin (a 347-bp product that spans through the first and fourth exons) and ghrelin receptor (a 322-bp product located in the first exon of the gene), respectively ( Fig. 1, C and D) . In addition, multiple negative controls were made by omitting the reverse transcriptase from the reactions, suggesting that the PCR product obtained was not amplified genomic DNA. Finally, both ghrelin and ghrelin receptor PCR products were sequenced and compared with the expected sequences.
PCR products were separated on 1.8% agarose gel, stained with ethidium bromide, examined with UV light, and visualized with a Gel Doc 1000 documentation system (Bio-Rad Laboratories, Inc., Hercules, CA).
Quantification of tissue ghrelin
Tissue ghrelin was extracted as described by Toshinai et al. (15) with slight modifications. Aliquots of stomach, pancreas, or placenta were minced and boiled at 98 C for 10 min in 1 ml of water to inactivate intrinsic proteases. After the samples were cooled to 4 C for 2-3 min, acetic acid (CH 3 COOH) and hydrochloric acid (HCl) were added to the respective final concentrations of 1 m and 20 mm. The tissues were then homogenized in a polytron for 2 min, after which the homogenate was centrifuged at 13,000 ϫ g for 15 min at 4 C. The supernatant was collected and lyophilized. After reconstitution in 10 mm phosphate buffer with 10 mm EDTA, 0.1% gelatin, 0.08% sodium azide (pH 6.85), total or active ghrelin was measured by the appropriate RIA.
Statistical analysis
Data are presented as mean (95% confidence interval) or median (range) as appropriate. Statistical analysis was performed by two-way ANOVA, with factors as follows: grouping (nonpregnant, pregnant, and fetus), feeding status (fed, fasting, and refed), or tissue (pancreas, stomach, and placenta) as appropriate. A P value Ͻ 0.05 was regarded as significant. Means and 95% confidence intervals were used to perform comparisons and to define significance between individual subgroups.
Results

Effect of feeding, fasting, and refeeding on plasma ghrelin and insulin concentrations
Body weight was significantly affected by grouping and by feeding status (P Ͻ 0.001). In nonpregnant adult rats, mean (95% confidence interval) body weight was 210 (195-225) g in fed animals, decreased to 183 (168 -197) g in fasting animals and increased back to 201 (186 -216) g after refeeding for 6 h. In the pregnant group, weight was 338 (324 -353) g, 271 (256 -286) g, and 299 (284 -314) g in the fed, fasting, and refed groups, respectively. Median (range) number of fetuses per dam was 10 (3-13) and was not affected by maternal feeding state.
Plasma total ghrelin concentrations (Phoenix Pharmaceuticals) were significantly affected by grouping and by feeding state (P Ͻ 0.001) (Fig. 2A) . In adult rats, fasting caused a significant 91% increase in plasma ghrelin concentrations in nonpregnant female rats [from 748 (634 -862) to 1424 (1310 -1539) pg/ml] and a significant 34% increase in 21-d pregnant dams [from 863 (749 -977) to 1159 (1044 -1273) pg/ml]. After free access to food for 6 h, plasma ghrelin concentrations decreased toward fed values in both nonpregnant rats [834 (720 -849) pg/ml] and pregnant dams [877 (763-991) pg/ml]. Ghrelin concentrations were two to three times higher in fetuses compared with pregnant and nonpregnant female rats. In addition, in contrast to what was observed in adult rats, plasma ghrelin concentrations decreased significantly from 2557 (2382-2731) pg/ml in the fetuses from fed dams to 2246 (2071-2421) pg/ml in fetuses from fasting dams and further to 2145 (1970 -2320) pg/ml after refeeding. Plasma insulin concentrations were significantly affected by grouping and feeding state (P Ͻ 0.001). Fasting caused a decrease in plasma insulin concentrations and refeeding an increase toward fed values in all three groups (Fig. 2B) .
Effect of feeding and fasting on plasma ghrelin, insulin, and glucose concentrations and on placenta, stomach, and pancreas ghrelin gene expression
In the first experiment, in contrast to what was observed in adult animals, fetal plasma concentrations of total immunoreactive ghrelin did not increase in response to maternal fasting. To understand the basis for the differential ghrelin regulation between the adult and fetal rat, we repeated the experiment in a new group of animals and determined plasma as well as tissue ghrelin concentrations. In addition, to determine both active and total circulating and tissue ghrelin concentrations, we used kits from Linco Research, a company that offers RIAs for the determination of both forms of ghrelin.
In nonpregnant rats, mean (95% confidence interval) body weight was 212 (197-226) g and 176 (162-190) g and in pregnant rats 316 (301-330) g and 278 (265-292) g in fed and fasting animals, respectively (P Ͻ 0.001 for both pregnancy and feeding state). Median (range) number of fetuses per dam was 8 (3) (4) (5) (6) (7) (8) (9) (10) (11) .
Similar to what we observed with the Phoenix assay in the first experiment, we confirm with the Linco assay that plasma total ghrelin concentrations were significantly affected by grouping (P Ͻ 0.001) and by feeding state (P ϭ 0.004) (Fig. 3A) (Fig. 3B) .
Plasma insulin and glucose concentrations were also significantly affected by feeding state and by grouping (P Ͻ 0.001 for both factors). Fasting caused a significant decrease in plasma insulin and glucose concentrations in adult nonpregnant rats as well as in the dams and their fetuses (Fig.  3, C and D) . Plasma insulin and glucose concentrations were significantly higher and lower, respectively, in fetuses compared with adult rats in both fed and fasting animals.
To determine whether the higher plasma ghrelin concentrations observed in the fetus compared with the adult rat could be explained by differences in tissue gene expression, we determined ghrelin mRNA and protein in both the stomach and the pancreas of adult rats and rat fetuses (Fig. 4) . Ghrelin mRNA and concentrations of total ghrelin were significantly affected by grouping (P Ͻ 0.001) and the type of tissue (P Ͻ 0.001) but not by feeding state.
In adult rats, as expected, both ghrelin mRNA (estimated by RT-PCR, Fig. 4A ) and total ghrelin tissue content (Fig.  4B) In rat fetuses, the opposite situation was observed. Ghrelin gene expression was markedly increased in the fetal pancreas compared with the fetal stomach. Ghrelin/ ␤-actin ratio was 568% (452-694%) in the pancreas compared with 84% (36 -207%) percent in the stomach (expressed as percentage of the stomach in fetuses from fed dams) (Fig. 4C) . Accordingly, pancreas total ghrelin content was 666 (601-731) ng/g tissue compared with 96 (31-161) ng/g in the fetal stomach (Fig. 4D) . Thus, the stomach appears to be a tissue rich in total ghrelin in the adult but not in the fetus. In contrast, in the pancreas, ghrelin content is low in the adult rat but high in the fetus, raising the possibility that ghrelin may play a role in pancreas development. To test this hypothesis further, we investigated whether active ghrelin was detectable in fetal tissues and whether ghrelin receptor mRNA was expressed in fetal pancreas. The results show that active ghrelin represents 0.8% (0.5-1.0%) and 9% (4 -13%) of total ghrelin in fetal pancreas and stomach, respectively. Active
FIG. 3. Plasma total (A) and active (B) ghrelin (Linco Research), glucose (C)
, and insulin (D) concentrations in nonpregnant (NP; n ϭ 6 -7 per group), pregnant (P; n ϭ 6 -7 per group) female Sprague Dawley rats and their fetuses (n ϭ 6 -7 per group) (mean ϩ SD). Plasma total ghrelin, insulin, and glucose concentrations were significantly affected by feeding state (P Ͻ 0.005) and by grouping (P Ͻ 0.001). In contrast, plasma active ghrelin was significantly affected by grouping (P ϭ 0.003) but not by feeding state. (For insulin, ng/ml ϫ 7.18 ϭ pmol/liter; for glucose, mg/dl⅐18 ϭ mmol/liter.) ghrelin concentrations were significantly affected by tissue (P ϭ 0.009) and by feeding state (P ϭ 0.001). In contrast to what was observed for tissue total ghrelin concentrations, maternal fasting caused an increase in fetal pancreas [2.5 (0.1-4.8) and 6.6 (4.6 -8.6) ng/mg tissue in fed and fasting animals, respectively] and in fetal stomach [5.4 (3.2-7.6) and 9.6 (7.6 -11.6) ng/mg tissue] (Fig. 4E) . Ghrelin receptor mRNA was detected in all fetal pancreas samples and was not affected by maternal fasting. Placental ghrelin mRNA was present in all samples as well as low tissue ghrelin concentrations [44 (38 - 
Placental ghrelin gene expression was not affected by maternal nutrition.
Discussion
The results of our study demonstrate that total immunoreactive ghrelin is abundant in fetal plasma near term and 2-to 3-fold higher than in the pregnant and nonpregnant adult rat. However, fetal plasma ghrelin concentrations do not increase in response to fasting as they do in adult rats, despite similar changes in glucose and insulin concentrations, suggesting that fetal and postnatal ghrelin may be regulated in a different manner. To better understand this difference, we compared tissue ghrelin content in nonpregnant adult rats and in pregnant rats and their fetuses. We found that ghrelin gene expression was very high in the pancreas, but not in the stomach, of the rat fetus near term, suggesting that in contrast to the adult rat, the source of circulating fetal ghrelin may be the pancreas, and not the stomach.
Consistent with our data, ghrelin gene expression has been shown in fetal rodent stomach as early as on embryonic d 17 by RT-PCR and in situ hybridization (27) (28) (29) but not by the less sensitive technique Northern blot (38) . Ghrelin mRNA and total ghrelin content was, however, low in the fetal stomach, a tissue traditionally considered as a major source of circulating ghrelin in the adult rat. This finding suggests that, in the fetus, the stomach may not be a major source of circulating ghrelin. In contrast, we FIG. 4. Stomach and pancreas ghrelin gene expression in nonpregnant (NP) and pregnant (P) adult rats (A and B) and in rat fetuses (C-E). Ghrelin mRNA was estimated by RT-PCR. Ghrelin/␤-actin ratios are expressed as percentage of stomach ratio in the fed, nonpregnant group (A) or in fetuses from fed dams (C). Tissue total (B, adult NP and P rats; D, fetuses) and active (E, fetuses) ghrelin content was determined in stomach and pancreas by RIA after extraction and was expressed as nanograms per gram of tissue. Ghrelin mRNA and total ghrelin concentrations were significantly affected by grouping (P Ͻ 0.001) and the type of tissue (P Ͻ 0.001) but not by feeding state. Active ghrelin in the fetuses were significantly affected by tissue (P ϭ 0.009) and by feeding state (P ϭ 0.001).
observed much higher levels of ghrelin in fetal pancreas by RT-PCR, and fetal pancreas total ghrelin concentrations were six to seven times higher than in the fetal stomach. It seems likely therefore that ghrelin produced in the pancreas contributes to the fetal pool of circulating ghrelin. Ghrelin gene expression was also detected in the placenta. Although placental concentrations of total ghrelin were low, the large amount of placental tissue could potentially contribute to the fetal pool of ghrelin.
A key unanswered question is the potential role of pancreatic ghrelin in the fetus. Ghrelin immunoreactive cells had been previously observed in fetal mouse pancreatic islets (29) . Two different groups recently demonstrated that ghrelin was present in a new cell type in fetal pancreas islets (39, 40) . In addition, Prado et al. (40) proposed that insulin-producing ␤-cells and ghrelin-producing cells (named ⑀-cells by the authors) may originate from a common precursor. These recent findings further raise the possibility that ghrelin may contribute to ␤-cell development and function in the fetus, as is thought to be the case for glucagon (41) . In support of this hypothesis, we confirmed the recent demonstration of ghrelin receptor mRNA in the fetal pancreas (39) . We also show for the first time that the active form of ghrelin is present in fetal pancreas, where it represents 0.5-1% of total ghrelin, a proportion slightly lower than reported by Hosoda et al. (42) in adult rat pancreas using a different methodology. Based on these data, we speculate that ghrelin may have a role in islet development, a hypothesis that requires additional investigation through gene knockout studies.
Another interesting aspect of our study is the potential effect of maternal nutrition on fetal ghrelin. Maternal fasting did not affect fetal plasma total and active ghrelin or tissue total ghrelin but caused a 2-to 3-fold increase in both pancreas and stomach active ghrelin concentrations. Postnatally, plasma total ghrelin concentrations have been shown to be detectable in the rat from d 3, without clear age-related changes (27) , whereas gastric ghrelin gene expression increases markedly during the first postnatal weeks (27, 28) . The physiological fasting-associated rise in plasma total ghrelin is present as early as by the end of the first postnatal week (28) . In adult rats, plasma ghrelin concentrations increase in fasting animals and decrease after meal ingestion, and these changes are associated with parallel changes in stomach ghrelin mRNA (15) . Taken together, these data raise the possibility that postnatal activation of ghrelin gene expression may be associated with the onset of oral food intake. Additional studies will be needed to determine whether the changes in fetal pancreas and stomach active ghrelin concentrations observed in this study during maternal fasting can affect fetal development. So far, ghrelin knockout models have failed to show major phenotypic characteristics. However, to our knowledge, the function of the endocrine pancreas has not been studied in detail (43, 44) .
In adult female rats, we observed the expected marked increase and decrease in circulating ghrelin in response to fasting and refeeding, respectively. Interestingly, there were no associated changes in ghrelin mRNA and protein content in the stomach. This finding suggests that during this short fast and refeed, changes in circulating ghrelin are likely caused by changes in secretion rather than synthesis of ghrelin. This contrasts with results in male Wistar (15) and Sprague Dawley (29) rats where a decrease in protein content and/or an increase in mRNA were found after 48 and 72 h of fast, respectively. Sexual dimorphism in ghrelin regulation has also been reported (27, 45) . In addition, Liu et al. (46) recently reported discordant changes in gastric mRNA in two different strains of rats despite similar ghrelin responses to fasting. Taken together, these results suggest the existence of differential regulation of ghrelin gene expression according to gender and/or species.
In the pregnant rat, stomach ghrelin mRNA levels and plasma ghrelin concentrations remain stable throughout pregnancy (47) . However, we observed a marked increase in both ghrelin mRNA and protein content in the fundus of the stomach from 20-d pregnant compared with nonpregnant dams. The reason for this finding is unclear. We hypothesize that although plasma total ghrelin concentrations are similar in nonpregnant female rats and pregnant dams, tissue ghrelin regulation may be affected by pregnancy. One hypothesis could be that the placenta contributes to the pool of circulating maternal ghrelin and that as a consequence, a significant proportion of the ghrelin preformed in the stomach is stored instead of being released in the circulation. Placental ghrelin could serve as a signal from the fetoplacental unit that contributes to the regulation of maternal food intake and energy homeostasis.
Plasma ghrelin concentrations were measured by different commercial assays in the two different experiments. Both RIAs (Phoenix in the first experiment, Linco in the second experiment) measure total ghrelin, both active (octanoylated) and inactive (des-octanoylated). Both assays provided similar information, but plasma ghrelin concentrations were markedly higher with the Linco compared with the Phoenix assay despite a similar experimental setting. We have previously encountered this discrepancy in two different studies performed in human neonates where umbilical cord plasma ghrelin concentrations were found to be three to four times higher when measured with the Linco assay (25) compared with the Phoenix assay (48) . In these human studies, and in agreement with Groschl et al. (49) , we have evidence that at least part of the difference could be accounted for by differences in the potency of the standards used to prepare the RIA standard curve in each assay (unpublished data). Although this situation is suboptimal, it is reassuring to see that both assays provide qualitatively similar results; plasma ghrelin concentrations were significantly higher in the fetus compared with the pregnant and nonpregnant adult rat, and fasting caused a significant increase in ghrelin concentrations in adult rats but not in fetuses.
In summary, we have demonstrated the existence of a marked elevation of ghrelin mRNA and protein content in the fetal pancreas compared with the adult pancreas. This raises the possibility that in the fetus, in contrast to the adult, the pancreas and not the stomach is a major source of circulating immunoreactive ghrelin. Furthermore, the presence of ghrelin mRNA and total and active ghrelin protein, as well as of ghrelin receptor mRNA in the fetal pancreas, is intrigu-ing and suggests that ghrelin may play an important role in pancreas development.
